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Process and Treatment Overview for the Minimum
Treatment Process

1. INTRODUCTION

The U.S. Department of Energy Idaho Operations Office (DOE-ID) authorized a remedial
design/remedial action (RD/RA) for the Idaho Nuclear Technology and Engineering Center (INTEC) in
accordance with the Waste Area Group (WAG) 3, Operable Unit (OU) 3-13 Record of Decision (ROD)
(DOE-ID 1999).

The ROD requires Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) remediation wastes generated within the Idaho National Engineering and Environmental
Laboratory (INEEL) boundaries to be removed and disposed of on-Site in the INEEL CERCLA Disposal
Facility (ICDF). The ICDF, which will be located south of INTEC and next to the existing percolation
ponds, will be an on-Site, engineered facility meeting U.S. Department of Energy (DOE) Order 435.1,
Resource Conservation and Recovery Act (RCRA) Subtitle C (42 USC 6921 et seq.), Idaho Hazardous
Waste Management Act (HWMA) (HWMA 1983), and Toxic Substances Control Act (TSCA)
polychlorinated biphenyl (PCB) landfill design and construction requirements (15 USC 2601 et seq.). The
ICDF will include the necessary subsystems and support facilities to provide a complete waste disposal
system.

The major components of the ICDF are the disposal cells, an evaporation pond consisting of two
cells, and the Staging, Storage, Sizing, and Treatment Facility (SSSTF). The disposal cells, including a
buffer zone, will cover approximately 40 acres, with a disposal capacity of about 510,000 yd®. The SSSTF
will be designed to provide centralized receiving, inspection, and treatment necessary to stage, store, and
treat incoming waste from various INEEL CERCLA remediation sites prior to disposal in the ICDF or
shipment off-Site. All SSSTF activities shall take place within the WAG 3 area of contamination (AOC)
to allow flexibility in managing the consolidation and remediation of wastes without triggering land
disposal restrictions (LDRs) and other RCRA requirements, in accordance with the OU 3-13 ROD. Only
low-level, mixed low-level, hazardous, and limited quantities of TSCA wastes will be treated and/or
disposed of at the ICDF. Most of the waste will be contaminated soil, but debris, along with liquids,
sludges, and investigation derived waste (IDW), will also be included in the waste inventory. ICDF
leachate, decontamination water, and water from CERCLA well purging, sampling, and well development
activities will also be disposed of in the ICDF evaporation pond.

This document discusses the "minimum treatment" process for the SSSTF. By “minimum
treatment” is meant a design capacity that will accommodate the soil wastes, if treatment is required, from
the WAG 3 sites CPP-92, CPP-98, and CPP-99, and the WAG 4 site CFA-04 (DOE-ID 2000a). In
addition, this minimum treatment facility will be able to treat small volumes of aqueous liquids/sludges
containing chemical and radiological constituents similar to those of the soil wastes or those waste
streams where “placement” has occurred and treatment is required.



2. BACKGROUND

The Preliminary Design Report (30% Design) for the SSSTF identified requirements and described
the essential functions of the facility, which included a staging area, a treatment building, a
decontamination facility, and an administration building. The report also included an investigation of the
wastes (primarily soils) that would be processed through the facility and designated option paths for these
wastes. Eight waste streams, totaling about 36,000 yd®, were identified as potentially leaching heavy
metals above RCRA standards and, therefore, treatment of these wastes is presumably necessary. The
Preliminary Design Report also identified a preferred treatment technique, namely, stabilization, with a
cement or blended cement binder (DOE-ID 2000a).

This Engineering Design File (EDF) refines the 30% design by targeting the waste streams that
will likely require treatment. Soils associated with CPP-92, CPP-98, CPP-99, and CFA-04 are being
considered. This results in reducing the waste potentially requiring treatment from about 36,000 to
2,060 yd®, which allows significant modifications to the process and facilities proposed in the Preliminary
Design Report. The most significant deviation is the elimination of a separate treatment building for
processing the wastes. Instead, a portion of the decontamination facility will be used for stabilizing the
waste.



3. WASTES FOR MINIMUM TREATMENT

3.1 Waste Sources

The minimum treatment option targets wastes from CPP-92, CPP-98, and CPP-99 from WAG 3,
and CFA-04 from WAG 4. The physical, chemical, and radiological characteristics of these waste streams
were investigated and presented in the Preliminary Design Report (DOE-ID 2000a). It is anticipated that
prior to and during operation of the ICDF, small volumes of additional waste streams with similar
contaminants will be identified that will require treatment. Only highlights from the report are given
herein; for a more thorough discussion, the original document should be consulted. The majority of WAG
3 wastes are packaged in poly-lined wooden boxes measuring either 2 X 4 x 8 ft or 4 x 4 x 8 ft. The boxes
of wastes have been further categorized as being either "soil" or "debris." This breakdown is given in
Table 1 for the targeted wastes. The designation as soil or debris is significant as only the boxes of soil
will potentially require treatment by stabilization. The debris will not be stabilized, but will instead
undergo an alternative debris treatment. The waste from WAG 4 is not currently packaged and may be
received as bulk soil.

3.2 Chemical Information

The EDF-1540 documents the investigation of the CERCLA Waste Inventory Database (CWID)
(DOE-ID 2000b) and interviews of cognizant site personnel to determine the analytical data available and
waste codes applicable for each site (EDF-1540). Tables 2, 3, and 4 present the results of this
investigation. Inspection of these tables reveals a scarcity of data. Sites CPP-98 and CPP-99 report no
information for RCRA heavy metals. Site CPP-92 has a reported mercury level (based on total metals
analysis) of 10.4 mg/kg, while CFA-04 reports total metal values for chromium, mercury, and silver that
could potentially require this site to carry hazardous codes for these metals. As pointed out in EDF-1540,
total metals analysis is distinctly different from the toxicity characteristic leaching procedure (TCLP),
which is the Environmental Protection Agency (EPA) standardized test by which a sample is determined
to be hazardous. In the absence of a valid TCLP determination, the total metals analysis was used to
estimate a bounding (worst case) leaching value. Assuming complete mercury solubility, the TCLP
results in an approximate 20-fold dilution from the total metals value and, therefore, a bounding "leach
value” of 0.52 mg/L is assigned to the CPP-92 waste site. This is above the 0.20 mg/L characteristic
hazard level; therefore, the site has the potential to be hazardous for mercury. This estimate assumes
complete solubility, where no consideration is given to metal speciation or soil chemistry (pH, redox
potential, and anionic makeup), which would attenuate leaching. A subsequent investigation, using
statistical methods and assuming similarity to other sites, developed a "design inventory" for constituents
within the sites. (EDF-ER-264) These estimates for hazardous metals are also given in Table 2.

All three WAG 3 sites have been assigned listed codes F-001, F-002, and F-005 for volatile organic
compounds, and a U-134 code for hydrogen fluoride. No analytical organic data are available for these
sites, however, design inventory estimates have been made and are presented in Table 3. These estimates
are based on statistical methods for sites assumed similar to the targeted sites. The CFA-04 has been
sampled and no organics were found above regulatory limits. Selected radionuclide information is given
in Table 4. Sites CFA-04 and CPP-92 have been sampled and their corresponding radionuclide activities
are given in the table. CPP-98 and CPP-99 have not been sampled and the nuclide activities are design
inventory estimates primarily based on scaling factors.

The aqueous liquids/sludges have not yet been identified, and, therefore, the hazardous and
radiological constituents of these wastes are not known. Each individual liquid/sludge waste will require
evaluation for hazardous and radiological contents prior to entering the treatment building to ensure that
each is compatible with the design codes, regulatory requirements, and special requirements (electrical,
ventilation, etc.) for the process building.



Table 1. Designation of wastes targeted under minimum treatment option (EDF-1540).

Site Volume (yd*) Configuration Waste Description Treatment Method
CFA-04 800 Not packaged Soil Stabilization
CPP-92 1,197 584 boxes 2 x 4 x 8 ft Soil Stabilization

5 boxes 4 X 4 x 8 ft (boxes (assumed)
assumed 85% full)
CPP-98 30 17 boxes 2 x 4 x 8 ft (boxes Soil Stabilization
assumed 85% full) (assumed)
CPP-99 30 15 boxes 2 x4 x 8 ft (boxes Soil Stabilization
assumed 85% full) (assumed)




Table 2. Analytical data and design inventory estimates of heavy metals for wastes targeted under the

minimum treatment option (EDF-1540, EDF-ER-264).

CFA-04 CPP-92 CPP-98 CPP-99
Potential waste codes: D009 None None
Maximum analytical value detected:
Antimony - — — —
Arsenic — — — —
Barium —_ — — —
Beryllium — — —_ —
Cadmium 6.8 — — —
Chromium 237 — — —
Lead 49 — — —
Mercury 439 10.4 — —
Nickel — — — —
Selenium — — — —
Silver 121 —_ — —
Thallium —_ — — —
Design inventory estimate (mg/kg):
Antimony 2.2 b 0.0 0.0
Arsenic 8.9 4.7° 4.7 4.7
Barium 300 ® 71 71
Beryllium 0.83 b 0.4 0.4
Cadmium 1.6 2.8 0.32 0.32
Chromium 46 30 12 12
Lead 21 28 6.8 6.8
Mercury 58 4.6° 0.1 0.1
Nickel 65 20 14 14
Selenium 0.99 0.41° 0.8 0.8
Silver 9.9 ® 0.28 0.28
Thallium 0.31 ® 0.0 0.0

a. "—" indicates no data reported in CWID (DOE-ID 2000b) or that no analysis was performed.
b. No entry indicates that the metal is not expected to exceed background level.

c. Indicates a concentration reported in CWID (DOE-ID 2000b) or from a referenced report (EDF-ER-264).




Table 3. Hazardous organic waste codes, analytical data, and design inventory estimates of organic

constituents for the WAG 3 sites (EDF-1540, EDF-ER-264).

CPP-92 CPP-98 CPP-99
Waste codes: F001, 2,5 F001, 2,5 F001, 2,5
Analytical data (mg/kg): No data No data No data
Design inventory estimate (mg/kg):
1,1, -trichloroethane .023 023 023
4-Methyl-2-pentanone .039 .039 .039
Acetone .67 .67 .67
Benzene 93 93 93
Carbon disulfide .066 .066 .066
Tetrachloroethene .009 .009 .009
Toluene 13 1.3 13
Tributylphosphate 46 46 46
Trichloroethene .096 .096 .096
Xylene (ortho) .005 .005 .005
Xylene (total) 3.7 3.7 3.7

Table 4. Radionuclide data for sites CFA-04 and CPP-92 and design inventory estimates for CPP-98 and
CPP-99 (EDF-1540, EDF-ER-264).

CFA-04 CPP-92 CPP-98" CPP-99°
Radionuclide (pCi/g) (pCi/g) (pCi/g) (pCi/g)
Co-60 .025 1.49 0.0 0.0
Sr-90 5.39 9040 63 63
Cs-134 None detected 0.195 7x10° 7x107
Cs-137 1.72 6.53 67 67
1-129 Not analyzed 3.1 2.5x10° 2.5x10°
Sb-125 None detected 207 025 025
U-234 22.6 5.1 017 017
U-235 1.60 0.23 4.4x10* 4.4x10*
Np-237 Not analyzed 0.15 1.2x10* 1.2x10*
Pu-238 Not analyzed 2444 .033 033
Pu-239/240 Not analyzed 24.69 .022 022
Am-241 None detected 23.32 012 012

a. No radionuclide data reported in CWID (DOE-ID 2000b) for CPP-98 and CPP-99; the values in the table are design
inventory estimates.




4. STABILIZATION PROCESS

Stabilizing soils contaminated with heavy metals using Portland cement, or similar hydraulic
binders, is an accepted technology for rendering the soils nonhazardous. The hydraulic binders do this by
reducing the leachability of the contaminant metals to acceptable levels. More than 17 Superfund sites
have used or have been approved to use hydraulic binders in such a manner. Cement-type systems are not
suited for stabilizing organic-bearing wastes, although some organics may be adequately accommodated
at low levels (EPA 1999).

The Preliminary Design Report identified a Portland cement-based system as a viable method of
treating the identified waste soils - see Appendix A for a summary of the trade study from the Preliminary
Design Report. These soils are assumed to contain heavy metals as the only contaminants of concern;

organic contaminants are either below regulatory concern or nonexistent in the waste. Based on this

assumption, the object of stabilization is to deliver a treated soil that meets the following criteria:
. Reduce the heavy metal leachability to LDR levels
e Exhibit no free liquid.

Additionally, the project desires the stabilized soil to have a crumbly or friable consistency, i.e., a
non-slab final form, as this would allow easier post-treatment handling of waste.

The requirements for a soil stabilization system wherein the soil and stabilizing reagents are feed,
mixed, and eventually discharged is detailed in the Procurement Specification in Appendix B. This
appendix also has a diagram of the building floor plan, which shows the proposed location of the mixer
and soil feed station. ’

4.1 Laboratory Stabilization Tests

Laboratory tests will be conducted on samples of waste soils to ensure that stabilization will be
successful. Each site that requires stabilization will obtain and send representative waste samples to the
treatability lab to undergo testing. Stabilizing reagents will be added to these samples and the resultant
treated material will undergo TCLP and free-liquids determination. If failure of the treated sample should
occur, the initial recipe will be adjusted until satisfactory results are achieved — the Treatability Study
Test Plan details these adjustments (to be provided in the ICDF Complex RA Work Plan). The lab-scale
reagent additions and mixing procedure will, as close as reasonably possible, mimic the full-scale
operation. The stabilization reagent will be a blended Portland cement containing the following
ingredients:

. Portland cement, Type /Il (ASTM C150) — fine dry solid, flowable

. Flyash, class F (ASTM C618) - fine dry solid, flowable that acts as a solid lubricant to provide
better mixing

. Granulated blast furnace slag (ASTM C989-93) — fine dry solid, flowable, with available sulfide to
help bind metals

) Chemical reagents (sodium sulfide or similar) — solid or corrosive liquid



o Water (liquids and sludges requiring treatment may also be injected with the water up to the
optimum moisture content).

On a dry basis (no added water), the baseline recipe will be composed of about 95wt% waste, with
Portland cement supplying another 3.8%. The flyash and blast furnace slag will combine to contribute
about 1wt%. Sodium sulfide, at a concentration of 500 ppm, is added to react and form insoluble
compounds with the heavy metals.



5. PROCESS OPERATIONAL CONCEPT AND CONSTRAINTS

A Request for Qualification and Information (RFQ&I) has been prepared concurrently with this
EDF. The objective of the RFQ&I is to determine the level of interest in the commercial sector for
supplying equipment and/or processes that can deliver the desired end product. It simultaneously allows
INEEL personnel to evaluate potential commercial suppliers. Information similar to that which follows
has been distributed through the RFQ&I process to potential suppliers.

5.1 Operational Concept

An operation must be able to transfer the waste soil from plastic-lined wooden boxes to a mixing
vessel, with dust suppression and/or controls in-place to maintain personnel exposure below established
limits for specific contaminants. Once in the mixer, the soil will be combined with a hydraulic binder
(Portland cement or Portland cement blend) and possibly a small amount of chemical reagents and
admixtures. A minimum amount of water is also added; ideally, a relatively dry, crumbly, or friable
waste/cement mixture is obtained. A high-intensity or high-efficiency mixer is desirable to ensure
thorough mixing of the soil with the other ingredients. Additionally, the mixer should be able to accept a
significant variation in soil particle/rubble size as segregation or screening of the waste is not anticipated.
Once mixing is complete, the soil/cement must be transferred (with minimal dust release) into a
permanent storage container where curing is completed.

In addition to the soil waste, liquids and sludges may also be treated at the facility. Although not
identified or with known characteristics, it is presumed that the liquids and sludges will have hazardous
contaminants similar to those of the soils — primarily heavy metals. The currently favored concept is to
inject the unaltered liquid/sludge wastes directly into the mixer with a compatible soil waste and then add
stabilizing chemicals to simultaneously treat both the injected liquid/sludge and the soil. If the waste

liquid/sludge contains particularly difficult contaminants (organics or very high metals concentrations), a
separate liquid treatment unit may be required before injecting into the mixer.

5.2 Process Requirements and Constraints

A treatment process is being sought that can deliver a product meeting the criteria listed in
Section 4 but that is subject to the following requirements and constraints:

. The waste throughput will be 10 yd® per day.

. The waste must be removed from 2- x 4- x 8-ft lined wooden boxes, roll-on/roll-offs, or other
approved containers.

. The waste is soil and assumed to have a size distribution as (EDF-1540):
—10% greater than 0.75 in.
~40% 0.75to0 0.25 in.
-40% 0.25 to 0.0030 in.

—10% less than 0.0030 in.

. Boxes of soil waste are assumed 85% full and weigh up to 8,000 Ib.



Reagents include fine flowable solids (cement, flyash, granulated blast furnace slag), water, and
small quantities (less than 1 gal) of liquid reagents.

Dust from the waste materials is to be contained within the treatment device or collected in some
manner to minimize the spread of contamination.

The footprint of the mixer and peripheral equipment will reside in a 900-ft> area, with a roof height
of 17 ft at the eave and 21 ft at the pitch. (These dimensions would allow the equipment to be
compatible with the current building design.)

The unit must be able to accommodate aqueous waste liquids/sludges.

The unit shall have self-decontamination features, such as spray wands or internal washdown
systems.

10



6. SUMMARY

This document discusses the "minimum treatment” process where wastes from three CERCLA sites
at WAG 3 and one site at WAG 4 are considered for treatment. Waste information originally presented in
the Preliminary Design Report (DOE-ID 2000a), and subsequently augmented with design estimates, was
presented. It is anticipated that prior to and during operation of the ICDF, small volumes of additional
waste streams with similar contaminants will be identified that will require treatment.

An initial list of operational constraints and requirements was presented. A similar list was made
available to commercial vendors through the RFQ&I process to determine the levels of interest,
sophistication, and cost associated with a treatment unit. Four vendors showed an initial interest;
however, only one of these had the proven capability of supplying a workable system.

11
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SSSTF Soil Stabilization Trade Study
A-1. TRADE STUDY

This section discusses similar sites that have soils contaminated with heavy metals and the
technology used to remediate them. Treatability studies performed on-Site at the INEEL, other studies,
and stabilization demonstrations are also included. Completion of this trade study indicates that cement-
based stabilization of metal contaminated soils is an appropriate method for consideration in stabilizing
INEEL contaminated soils. It also indicates that non-Portland cement based chemical systems are viable
alternatives.

A-1.1 CERCLA Remediation Sites Utilizing Stabilization

Based on conversations with Environmental Protection Agency (EPA) regional project managers,
information was obtained on several CERCLA remediation sites where stabilization and solidification of
metal contaminated soils was conducted. In most of these sites, cement-based processes were used.
Several are discussed below.

Portland Cement Based Systems
Sapp Battery CERCLA Remediation Site:

Lead and chrome were the primary contaminants of concern at this site. Remediation included
ex-situ remediation of 100,000 yd® of soil and stabilization with 7-8% Portland cement, and a proprietary
“nectite” (phosphate) agent. Treatability studies performed in support of this remediation showed that
much more cement was required if the nectite agent was not used. The process used to combine the soil
and stabilization agents was a continuous pug mill. One issue that was considered for this site was that
some recipes, which satisfied TCLP tests, failed Synthetic Precipitate Leaching Procedure (SPLP) tests
(another measure of long-term stabilization performance).*

Continental Steel Corporation QU-02, CERCLA Remediation Site:

Lead, cadmium, chromium, PCBs, and VOCs were primary contaminates of concern in lagoon
soils at this site. A Treatability Study was performed by a remediation contractor and may be available
through the Freedom of Information Act. Stabilization formulas were based on Portland cement.”

Schuykill Metal, CERCLA Remediation Site:

Chromium, antimony, cadmium, and lead were the RCRA metals of concern for the contaminated
soils remediated at this site. Soil was stabilized with 15% Portland cement and amendments, including
phosphates to complex lead. A treatability study was performed by Entech and resulted in a “low tech”
mixing process.*

a. Personal communications with EPA contact David Lloyd (404-562-9216) and Randal Chaffins (404-562-8929).

b. Personal communications with EPA contact Mat Mankowski, (312-886-1842) and Pat Likins State of Indiana IDEM
(317-234-0357).

c. Personal communications with EPA contact Galo Jackson (404-562-8937).



Normandy Park Apartment, CERCLA Remediation Site:

This site, which is located on an old battery-recycling site, is owned by Gulf Coast Recycling. The
primary contaminate of concern is lead. Surficial soil was excavated and replaced with clean soil.
Remediation of the contaminated soil was performed by cement-based ex-situ stabilization with ultimate
disposal in a landfill.?

Cedar Town Industries, CERCLA Remediation Site:

This site is an old smelter site with soil contamination of Cd, Pb, As, Be, and Sb. The site was
remediated with Portland cement as the only stabilization agent. The contaminated soil was excavated,
combined with cement in a pug mill and placed back in the previously excavated area.

Palmerton Zinc, CERCLA Remediation Site:
Stabilization with flyash, lime, and potash of cadmium and lead contaminated soil. Superfund Site.
Found in EPA (1997).

Gould, CERCLA Remediation Site:
Oregon, Stabilization of lead contaminated soil. Found in EPA (1997).

Non-Portland Cement, Chemical Systems
Midvale, Utah; EPA SITE Demonstration:

Chemical system (MBS) that uses a mixture of proprietary chemicals including sulfides. A
demonstration at the EPA's Midvale Superfund site (April 1997) confirmed that MBS-treated multiple
waste streams attained either fractional or non-detectable toxicity characteristic leaching procedure
(TCLP) levels of leachable arsenic, cadmium, and lead. Found in the EPA Reach It Website (EPA
Reachilt).

Several EPA Sites:

Sevenson's patented MAECTITE chemical treatment process renders heavy metals and
radionuclides non-leachable from soil and solid waste. The principle behind the MAECTITE technology
is chemical bonding rather than physical binding mechanisms. MAECTITE stimulates chemical bonding
to nucleate substituted mixed mineral forms in the apatite and barite mineral groups that are stable and
resistant to leaching in a variety of extraction fluids and pH ranges. Found in the EPA Reach It Website
(EPA Reachlt).

A-1.2 INEEL Treatability Studies

Several RCRA treatability studies on metal contaminated soils have been conducted at the INEEL.
Three of those studies are briefly described below.

d. Personal communications with EPA contact Bill Denman (404-562-8939) and Gulf Coast Recycling contact
Joyce Morales-Carmella (813-626-6151).

¢. Personal communications with the EPA contact Annie Godfrey (404-562-8919). The site remediation contractor was GNB
Environmental Services.
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An INEL RCRA Treatability Study was performed in 1992 on Mercury-contaminated soil/sludge.
The primary metal contaminant was mercury and cadmium, with cesium-137 as the primary radionuclide
contaminant. The best results in this study were achieved using sulfur polymer cement (SPM) at a waste
loading of 33%. Tests were not performed with Portland cement. At this waste loading, the TCLP was
reduced on stabilization from 238 ppm to 85 ppm. The high clay content (60-80%) in this waste stream
may have contributed to difficulty in significantly reducing the TCLP value. For more information on this
study, see Gering (1993).

An INEL RCRA Treatability Study was performed in 1993 on Pb and Cd contaminated soil. A lead
concentration of the untreated soil was reported at 37.6 mg/L and a cadmium concentration of 19.3 mg/L.
This report indicated that at a ratio of waste to dry cement of .8, or a waste loading of 28% (on a
stabilized product basis with 36% moisture content), that the stabilized product met the TCLP RCRA
limits in place at the time (0.5 mg/L lead, and 1 mg/L cadmium). For more information on this study, see
Haefner (1993).

An INEL RCRA Treatability Study was performed in 1994 on heavy metal contaminated soil. The
untreated soil had a TCLP of 2.02 mg/L for cadmium and a TCLP of 41.4 mg/L for lead. This report
indicated that at a ratio of waste to dry cement of 1, or a waste loading of 39% (on a stabilized product
basis with 33% moisture content), that the stabilized product produced a TCLP of < 0.066 mg/L for lead
and < 0.002 mg/L. cadmium. For more information on this study, see Rybicki et al. (1995).

A-1.3 EPA SITE Demonstration Projects

SITE Program Demonstration Projects have been completed in an effort by EPA to advance the
science of soil stabilization. Companies who have completed demonstrations on stabilization of metal
contaminated soils are listed below (see EPA 1997):

. Advanced Remediation Mixing, Inc.
. Funderburk & Associates

. Solidtech, Inc.

. STC Omega, Inc.

. WASTECH Inc.

A-1.4 Commercial and Government Soil Stabilization Facilities
A-1.4.1 Chemical Waste Management

INEEL employees conducted a site visit to Chemical Waste Management in Arlington, Oregon to
tour facility operations and gain an understanding of equipment and processes used in stabilizing RCRA
metal contaminated soil. This facility does not process radioactively contaminated materials, but routinely
processes RCRA metal contaminated soils, primarily contaminated with lead and chromium. Average
annual stabilization production is 25,000~30,000 tons per year of waste material. At this site, 50-yd’
batches of material are processed in lined pits using an excavator to mix the batch. Tacoma Seam flyash
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and Type C flyash are the primary stabilization agents used at this time; however, Portland cements have
been used in the past. The selection of stabilization agents is primarily based on economics.

A-1.4.2 DOE Site, Hanford, Washington.

INEEL employees conducted a site visit to the DOE Hanford site in Hanford, Washington, to tour
facility operations and gain an understanding of equipment and processes used in stabilizing radioactively
contaminated soils containing RCRA metals. The equipment observed in this visit does not operate on a
continuous basis but has processed as much as forty 13-yd® containers in two weeks production time. At
this site, batches of material were processed in a lined concrete box using an excavator to mix the batch.
Portland cement stabilization ingredients were used as the primary stabilization agents.

A-1.4.3 Envirosafe

INEEL employees conducted a site visit to Envirosafe, Inc. to tour the facility and to gain an
understanding of a commercial soil processing operation. This facility processes soils contaminated with
heavy metals.

A-2. TECHNOLOGY SELECTION

Two potentiél stabilization methods have been selected; Portland Cement based systems and a
chemical method (MBS). The two methods are discussed in the following sections.

A-2.1 Portland Cement Based Systems

This section discusses the selection of Portland cement-based systems for stabilizing the SSSTF
waste soils. Portland cement systems were selected because of their demonstrated ability to bind heavy
metals and their readily available sources. The trade study results also suggest that Portland cement
systems are commonly used in similar remediation activities.

The primary contaminants of concern are barium, cadmium, chromium, lead, mercury, and silver.
Based on EPA guidance documentation (EPA 1997), cadmium and lead are the most amenable to cement-
based stabilization, mercury is less amenable to stabilization in cement, and silver is not particularly
amenable to cement-based stabilization. One valence state of chromium, Cr VI, is not amenable to
cement-based stabilization, but if it can be reduced to Cr III it can be stabilized. It is not known what the
chrome speciation of any of the target soils is. The same EPA reference states:

“Wastes containing more than one metal are not addressed here, other than to say
that cement-based solidification/stabilization of multiple metal wastes will be
particularly difficult if a set of treatment and disposal conditions cannot be found
that simultaneously produces low mobility species for all the metals of concern.
For example, the relatively high pH conditions that favor Pb immobilization
would tend to increase the mobility of As. On the other hand, the various metal
species in a multiple metal waste interact (e.g., formation of low solubility
compounds by combination of Pb and arsenate) to produce a low mobility
compound.”

f. Site visits to other treatment sites and personal communications with Brian Raivo, an INEEL mechanical engineer. Personal
contact at Chemical Waste Management is Gary Fisher (541-454-3234). Personal contact at Hanford is Mike Casbon
(509-372-9218).
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While not certain, it appears that cement-based stabilization is a viable candidate for stabilizing
INEEL waste. It is acknowledged that amendments and/or pretreatment (any treatment prior to the PC-
based mixture) of waste are required to fully stabilize the INEEL waste. Cement was selected as a starting
point for a number of reasons:

. Well known and established technology

. Formula can be adjusted to address a wide variety of contaminants

. Waste does not need to be dried, excess water can be solidified with the sediments
. Low materials cost

o Minimal equipment requirements

. Readily available
o Potential long-term impacts are better known than other binders
. Energy requirements are minimal.
Some of the disadvantages include:
. Tendency to form monoliths and large solids even at relatively high waste loading

. Difficulty in finding recipe for multiple metals

. Requires addition of sulfides or other reagents for Ag, Hg, and Cr*
. At least 24 hour cure time
. Potentially impacted by organic compounds and other materials in soil.

Other stabilization agents were not selected for a variety of reasons at this time; however, these
agents may be included as amendments to the basic cement formulation as needed. Lime-based binders
are in common use and adequately stabilize metals, but do not have the same strength and durability.
Phosphate-based products are known to enhance lead stabilization, but generally sacrifice physical
properties such as compressive strength. Other amendments that are considered for inclusion in the
cement based mix include blast furnace slag, flyash, and sodium sulfide because of their known ability to
bond and stabilize heavy metals.

A-2.2 Non-Portland Cement, Chemical Methods

As an alternative to the Portland cement-based systems, a proprietary, chemical based system has
been selected. The proprietary chemical is sulfide based and is expected to bond with all of the target
metals. The system is a product of Solucorp called molecular bonding system (MBS). MBS creates a
sulfide bond with contaminants, effectively converting leachable ions into non-leaching sulfide
molecules. The major benefit of MBS technology for stabilizing heavy metals derives from sulfides being
extremely insoluble and requiring only a low volume addition to achieve high efficiency application
results. Standard equipment for using MBS includes:

. A hopper for loading soils



. Dry powder chemicals silo for the MBS reagents
° A belt scale to control the MBS into the pugmill (or other mixer)
. Conveyor system to relocate treated materials.

Material prescreened to < 2 inches is loaded into a hopper where it is conveyed into the pugmill’s
twin auger system (the 2 inches is based on equipment used by Solucorp in the past, the actual upper limit
will be based on actual equipment used for mixing). At a predetermined rate, the belt scale simultaneously
delivers the MBS reagent and, if necessary, water is sprayed into the blending system to ensure chemical
dispersion and homogenous mixing. After approximately 30 seconds mixing, the treated materials exit on
the conveyor system for stockpiling or loading for removal to the site. Samples can be taken immediately
for TCLP verification.

Some of the advantages of the MBS include:

. High waste loading, low rea;gent usage

] No cure time

. Provides friable, soil-like solid, does not make monoliths
. Exceptionally low solubilities

. Not pH sensitive (range of 3 - 11)
. Effective for all target metals

. Can reduce Cr*® both total and leachable

° Not impacted by the presence of organic compounds.
Disadvantages:
. Cannot be used on wastewater with < 40% solids
. More expensive than Portland cement
. Does not have the degree of technological maturity as Portland cement systems.

Some of the heavy metal data is provided below (Solucorp 2001). Tables 2-1 through 2-4 provide
the data on chrome, cadmium, lead, and mercury (used with permission from Solucorp)®:

g. The new UTS criteria reduced the leachable chromium limit to 0.60 mg/L (from 5.0 mg/L under prior RCRA legislation). This
has exacerbated the difficulty and expense of making chromium non-hazardous via traditional chromium contamination
remediation methods, which entails a two-step operation that reduces Cr*® to Cr*?, then stabilizes the trivalent form to prevent it
from leaching.
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Table A-1. MBS treatment results on hazardous chromium (Cr*®) compounds. (< Indicates results below
the specific testing laboratory’s detection limits.)

Untreated MBS Treated Untreated MBS Treated U.S.EPA’s
Contaminated Total Cr*® Total Cr*® Cr TCLP Cr TCLP UTS Criteria
Matrix (ppm) (ppm) (mg/L) (mg/L) (mg/L)
Silty Soil 1,300.0 60.0 111.0 <0.02 0.6
Sandy Soil 980.0 46.0 84.0 0.11 0.6
Sludge 2,320.0 111.4 240.0 <03 0.6

Table A-2. MBS treatment results on hazardous cadmium compouﬂds.

Untreated Cadmium MBS Treated Cadmium U.S. EPA’s UTS

TCLP TCLP Criteria
Contaminated Matrix (mg/L) (mg/L) (mg/L)
Soil — Sandy 115.0 <0.10 0.11
Soil - Silty 67.6 <0.10 0.11
Soil — Sandy/Silty 24 <0.01 0.11
Baghouse Dust 133 <0.03 0.11
Baghouse Dust 4.1